INTRODUCTION
Results obtained by another section of this laboratory in testing a notched C-shaped specimen. Figure 1 , and a notched compact tensile specimen, Figure 2 , showed that an increase of initial tensile overload is accompanied by an increase of fatigue life of the specimen. This can be explained by the well-known fact that a tensile overload produces a compressive residual stress upon unloading. Thus, an increase of overload increases the residual stress which reduces the nominal stress in a fatigue test and improves the fatigue life.
This report describes a photoelastoplastic study on stress concentrations, in elastic as well as in elastoplastic states, and residual stresses after unloading in both specimens. The principles of experimental method are outlined, equations for nominal stresses are given, and stress concentration factors are found. In the elastic state, these values are readily applicable for specimens made of any material with similar geometry and loading. In the elastoplastic state, transition of data requires the similarity of stress-strain relation between model and prototype materials.
EXPERIMENTAL METHOD
The photoelastic stress analysis is based on the linear stress-optic law.
The discovery of the non-linear stress-optic law extends the photo- Specifically, at any point in a model, whether elastic or plastic, the fringe order N is related to the principal stress difference (a -a ) by a calibration curve, and the isoclinic parameter gives directly the directions of the principal stresses a and a .
In this investigation, we are interested only in the boundary stress and maximum shear stress. No attempts were made to determine the individual stress distribution, although techniques are readily available.
On the free boundary one of the principal stresses is identically zero, and the remaining principal stress tangent to the boundary is given by the fringe order N, It can be shown from Mohr's circle that the maximum shear stress, T , max equals one-half of the principal stress difference; i.e., T_"" = (a_-a_)/2. a. and a R , is equal to the sum and difference of the stress due to bending and tension, respectively. Thus
It can be seen that the above expressions hold also for compact tensile specimen.
EXPERIMENTS AND RESULTS

Apparatus
A lens type transmission polariscope with collimated monochromatic light o of 5A61 A was used, and photoelastic patterns at normal incidence were observed through a telemicroscope of 7.2X. Static loads were applied through a dead weight loading frame having a lever ratio of 4. In this investigation, we choose proportional limit stress (6.2 x 10 3 psi) as a instead of secant yield strength (8.7 x 10 3 psi at E -0.7E).
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Hence, the elastic-plastic boundary is given by the loci where the maximum shear stress reaches 3.1 x 10 3 psi. For example, in the C-shaped specimen at a load of 18.7 pounds, the plastic region has penetrated from the notch root to a distance equal to 0.04 AB. Table I shows the depth of the plastic region at two levels of load for both specimens. It also shows the extended angle of plastic region along the notch boundary determined from the 7.2X fringe photographs.
Boundary Stresses and Stress Concentration Factors
On the free boundary one of the principal stresses is identically zero, and the remaining principal stress tangent to the boundary is found by converting the boundary fringe order to stress according to the stress fringe relation in Figure 4 . The stress concentration factor, K, is defined as the ratio of the boundary stress to the nominal stress, equation (1) . They are shown in Tables II and III, The results show that as long as the specimen is in the elastic state, stress concentration factor K at the notch root is constant and the curve K that local yielding sets in, the stress concentration factor begins to decrease rather sharply, as shown in Figure 8 .
DISCUSSIONS Calculated Residual Stress and Percentage of Overloading
The usual assumption that unloading is inherently an elastic process is made for the purpose of calculating the residual stress after unloading.
For example, in the elastic state, a load of 18.7 pounds would produce a notch root stress of (1.53)(352)(18.7) = 10.1 x 10 3 psi.* Subtractive superposition of this value with 7.85 x 10 3 psi from elastoplastic load of 18.7
pounds gives a residual stress of 2.22 x 10 3 psi compression, as shown in Table II .
The proportional limit load is the load which produces a notch root stress equal to the proportional limit of the material. It is used as the basis for calculating the percentage of overloading. It can be shown that the proportional limit load for the C-shaped specimen has a value of 11.5
pounds. The percentage of overloading is P " 11 ' 5 x 100%. 11. 5 The residual stress and percentage of overloading for both specimens in the elastoplastic state were calculated and shown in Tables II and III Figure 6 show that the stress at point B in the C-shaped specimen is less than the nominal value. Hence, the stress concentration factor at B is less than one. Table II 
Transition to Prototype
In the elastic state, stress concentration factors obtained from polycarbonate model are readily applicable to specimens of other material.
In the elastoplastic state, the transition of data requires, at least, 
